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ABSTRACT (Maximum 200 words)
Published data on the dermal penetration of hydrocarbon components from the widely used jet fuel JP-8 are analyzed. The log of the dermal penetration coefficient Kp was observed to have a linear dependence on lipophilicity as estimated from the log-octanol-water partition coefficient Ko/w (with slight dependence on molecular weight). This semi-empirical relation can be used to predict (estimate) Kp values for other JP-8 components. In contrast to the penetration of compounds form aqueous vehicle, the more lipophilic compounds penetrated the skin at a lower rate, consistent with results on the partitionihg of compounds into the stratum comeum from different vehicles. Tables   Figure 1. 3-D plot of the dermal penetration coefficient (log Kp) versus the molecular weight (MW) and octanol water partition coefficient (log Ko/w) for the 13 components of JP-8 measured in the receptor solution. The upper cluster of chemicals are aliphatics, the lower cluster are aromatics, while the outlier is diethyl glycol monomethyl ether (DIEGME) -... 9 Figure 2 . Linear regression of the ratio in skin/JP-8 (ml/g x 10-3) from Table 2 The current study analyzes previously published data on the penetration of JP-8 into and through clipped, dermatomed rat skin in vitro (McDougal et al., in press ). In that study, static diffusion cells were used to measure the flux of JP-8 and its major components across rat skin and the kinetics of absorption into the skin. Thirteen-individual components penetrated into the receptor solution in sufficient quantities to be measured by GC/FID and allow the calculation of a steady-state flux and penetration coefficient Kp (flux divided by applied concentration).
mi
The Data These penetration coefficients are characteristically dependent on the molecular weights and particularly on the octanol/water partition coefficients of the compounds as shown in Figure 1 . Note that the more lipophilic the compound (i.e. the larger log Ko/w), the lower the Kp value. Table 2 gives the concentrations of JP-8 components in the skin itself at the end of the 3.5 -xposures, together with the ratio relative to concentrations in in press ). The mass in the skin increases roughly with concentration in JP-8 itself. In addition, the mass ratio skin/JP-8 decreases with increasing lipophilicity (as estimated by the octanol-water partition coefficient) (see FigJre 2), consistent with decreasing partitioning into the stratum comeum, the likely major repository for such lipophilic materials in the skin. It should be noted, however, that the skin here includes the viable epidermis and a significant portion of the dermis, which would also provide less congenial environments for the more lipophilic materials, and thus contribute to this trend. Log Kow
Figure 3. Linear regression of log Kp (cm/h) against log Ko/w for 13 components of.JP-8 measured in the receptor solution. The equation of the line is given by Eq. (2) in the text
13
Discussion
Several correlation approaches for estimating permeability coefficients for chemicals in water vehicle are found in the literature (see Bunge and McDougal, 1998) . These approaches are based on molecular weight and the octanol/water partition coefficient as predictors of penetration. Application of this approach for hydrocarbon components in JP-8 gave equation (1) and (2) above. This is illustrated in Figure 3 . This same relationship (without the data points) is also shown as the lower line of Figure 4 . These relationships can be used to predict penetration of other (similar) components of JP-8 that were not able to be measured, based solely on their physico-chemical properties. Note that the log octanol/water partition coefficient has a much larger impact on the permeability than the molecular weight, due at least in part to the limited range of molecular weights of the compounds studied.
In contrast to our study, correlations from studies in which water was the vehicle show a positive impact of Ko/w and a negative impact of the molecular weight on the permeability coefficient (Flynn, 1990; Potts & Guy, 1992; Robinson, 1996) Potts & Guy, 1992 and Wilschut et al., 1995; the JP-8 vehicle This general trend of decreased dermal absorption with increased lipophilicity is also seen in the concentrations of JP-8 components in the skin itself as measured by the ratio of concentrations in skin versus JP-8 itself (Table 2 ).
. Representation of the dependence of dermal penetration Kp on log octanol-water partition coefficient (Koiw) from aqueous and JP-8 vehicles. The curves for aqueous vehicle are adapted from the semi-empirical relationships derived by
This trend has been observed before, most notably by Scheuplein (1965 Scheuplein ( , 1980 , who calculated stratum comeum:vehicle partition coefficients (Kmv)
for alcohols of varying chain lengths from a number of different vehicles ( Figure 5 ), and found these to be in good agreement with measured permeability coefficients. Increased chain length corresponds to increased lipophilicity. CARBON NUMBER (ni? Figure 5 . Effect of vehicle on the stratum corneum:vehicle partition coefficient, Kmv (theoretical) ; from Scheuplein, 1980. Here "oct" represents octanol vehicle, "o" represents oil, "p " (sic) represents butanol, and "w " represents Note that this "reverse partitioning" effect of the lipophilic vehicle applies not just to lipophilic materials, but the hydrophilic DIEGME as well (log Ko/w = -0.68) (Figure 3 ). In this case, penetration from JP-8 vehicle is enhanced relative to aqueous vehicle, illustrated by the cross-over of the two curves on the left hand side of Figure 4 . Note that the two curves cross at log Ko/w -1, corresponding, for example, to the octanol-water partitioning of pentanol (Ko/w -1.5). This suggests that the permeability of pentanol would be nearly the same from water or JP-8. Scheuplein (1980) As in any in vitro dermal penetration study, the effect of the receptor solution on permeability measurement needs to be considered, particularly for such lipophilic materials as the JP-8 components considered here (see Robinson, 1996 for a general discussion of this issue Power of performed test with alpha = 0.0500: 1.0000
